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(54) Active matrix display apparatus and driving method therefor 

(57) A reverse voltage applying circuit is provided 
for applying a reverse voltage to light-emitting elements. 
The reverse voltage is a voltage in a direction opposite 
to a voltage applied to the light-emitting elements when 
light is emitted therefrom. The reverse voltage is applied 
in response to a synchronization timing of an input video 
signal or turning on of a power supply. Alternatively, a 
reverse voltage applying period is set in a period in 
which no video image is displayed. The reverse voltage 
is applied to the predetermined light-emitting elements 
in the reverse voltage applying period. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001 ] The present invention relates generally to an 
active matrix display apparatus and a driving method 
therefor, and more particularly, to a display apparatus 
including an active matrix display panel having light- 
emitting elements such as organic electroluminescence 
elements. 

2. Descriptio n of the Related Art 

[0002] A matrix type display including a light-emit- 
ting panel is being widely developed. The light-emitting 
panel includes a plurality of light-emitting elements 
arranged in a matrix configuration. The light-emitting 
elements for use in such display panels include, for 
example, an electroluminescence (EL) element which 
employs an organic material as a light-emitting layer. 
The light-emitting luminance can be controlled by a cur- 
rent which flows through the element in the organic EL 
element. The light-emitting display panels using the 
organic EL elements may be classified into a simple 
matrix display panel and an active matrix display panel. 
The organic EL elements are merely arranged in a 
matrix configuration in the simple matrix light-emitting 
panel. On the other hand, a driving device including a 
transistor is added to each of the organic EL elements 
arranged in a matrix configuration in the active matrix 
light-emitting panel. The active matrix light-emitting 
panel has advantages such that electric power con- 
sumption is smaller and an amount of crosstalk 
between pixels is smaller as compared with those of the 
simple matrix light-emitting panels and the like and, par- 
ticularly, is suitable as a display of a large screen or a 
high precision display. 

[0003] The organic EL element (hereinafter, simply 
referred to as "EL element") may be represented by a 
light-emitting element E having a diode characteristic 
and an electrostatic capacitance C connected in parallel 
therewith, as an equivalent circuit illustrated in Fig. 1. In 
particular, the EL element emits light only when a cur- 
rent flows through the light-emitting element E in a for- 
ward direction. 

[0004] The EL element is formed by stacking an 
anode (transparent electrode) 2, a light-emitting layer 3 
including an organic material, and a cathode (metal 
electrode) 4 on a transparent substrate 1 in this order as 
illustrated in Fig. 2. When a driving current source 5 is 
connected to the anode 2 in the forward direction of the 
EL element and the cathode 4 is connected to the 
ground, a driving current flows through the light-emitting 
element 3, thereby causing the EL element to emit light. 



OBJECT AND SUMMARY OF THE INVENTION 

[0005] The conventional active matrix light-emitting 
display as mentioned above, however, has a problem of 

5 a failure in light emission resulting from a leak current 
between the cathode and the anode when the formed 
light-emitting layer has a portion of smaller thickness or 
when the light-emitting layer is partially absent or lack- 
ing so that the anode is in contact with the cathode. 

10 Specifically, a thinner portion of the light-emitting layer 
has a smaller electric resistance than the remaining 
light-emitting layer to cause a driving current to concen- 
trate in this portion, so that less driving current flows into 
the remaining normal light-emitting layer to reduce the 

is light-emitting luminance. Such a concentration of cur- 
rent produced in a defectively formed portion of the 
light-emitting layer also affects other light-emitting ele- 
ments, resulting in a poor image display on the display 
apparatus. 

20 [0006] It is therefore an object of the present inven- 
tion to overcome the problem described above and to 
provide an active matrix display apparatus which is 
highly reliable and is capable of displaying an excellent 
image. 

25 [0007] According to the present invention, there is 
provided an active matrix display apparatus comprising 
a plurality of light-emitting elements located at intersec- 
tions of scanning lines and data lines arranged in a 
matrix configuration, driving means for driving each of 

30 the plurality of light-emitting elements, display control 
means for controlling the driving means in accordance 
with an input video signal, a power supply for supplying 
power to the plurality of light-emitting elements, and 
reverse voltage applying means for applying a reverse 

35 voltage to the light-emitting elements, the reverse volt- 
age being a voltage in a direction opposite to a voltage 
applied to the light-emitting elements when emitting 
light 

[0008] According to one aspect of the present 
40 invention, the reverse voltage is applied every unit frame 
corresponding to a synchronization timing of the input 
video signal. 

[0009] According to another aspect of the present 
invention, the display control means includes a timer, 
45 and the reverse voltage is applied on the basis of a syn- 
chronization timing of the input video signal and an out- 
put of the timer. 

[0010] According to another aspect of the present 
invention, the reverse voltage is applied in response to 

so powering-on or turning on of the power supply. 

[0011] According to the present invention, there is 
provided a method of driving an active matrix display 
apparatus having a plurality of light-emitting elements 
located at intersections of scanning lines and data lines 

55 arranged in a matrix configuration, a driving circuit for 
driving each of the plurality of light-emitting elements, 
display controller for controlling the driving circuit in 
accordance with an input video signal, and a power sup- 
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ply for supplying power to the plurality of Tight-emitting 
elements, the method comprises the step of applying a 
reverse voltage to the light-emitting elements, the 
reverse voltage being a voltage in a direction opposite to 
a voltage applied to the light-emitting elements when 5 
emitting light. 

[0012] According to the present invention, there is 
provided an active matrix display apparatus comprising 
a plurality of light-emitting elements located at intersec- 
tions of scanning lines and data lines arranged in a 10 
matrix configuration, driving means for driving each of 
the plurality of light-emitting elements, display control 
means for controlling the driving means in accordance 
with an input video signal, a power supply for supplying 
power to the plurality of light-emitting elements, setting 15 
means for setting a reverse voltage applying period, and 
reverse voltage applying means for applying a reverse 
voltage to predetermined light-emitting elements during 
the reverse voltage applying period, the reverse voltage 
being a voltage in a direction opposite to a voltage 20 
applied to the light-emitting elements when emitting 
light 

[0013] According to the present invention, there is 
provided a method of driving an active matrix display 
apparatus having a plurality of light-emitting elements 25 
located at intersections of scanning lines and data lines 
arranged in a matrix configuration, a driving circuit for 
driving each of the plurality of light-emitting elements, 
display controller for controlling the driving circuit in 
accordance with an input video signal, and a power sup- 
ply for supplying power to the plurality of light-emitting 
elements, which comprises the steps of setting a 
reverse voltage applying period; and applying a reverse 
voltage to predetermined light-emitting elements during 
the reverse voltage applying period, the reverse voltage 
being a voltage in a direction opposite to a voltage 
applied to the light-emitting elements when emitting 
light 

BRIEF DESCR IPTION OF THE DRAWINGS 
[0014] 

Fig. 1 is a diagram illustrating an equivalent circuit 
of an EL element; 

Fig. 2 is a cross-sectional view schematically illus- 
trating a layer structure of an EL element; 
Fig. 3 is a cross-sectional view schematically illus- 
trating a layer structure of an EL element having a 
defective thickness portion; 
Fig. 4 is a cross-sectional view schematically illus- 
trating the shape of the EL element shown in Rg. 3, 
after it is applied with a reverse voltage; 
Fig. 5 is a cross-sectional view schematically illus- 
trating the shape of the EL element shown in Rg. 3, 
after it is applied with a reverse voltage; 
Fig. 6 is a diagram illustrating an example of a cir- 
cuit configuration corresponding to a pixel in an 



active matrix display panel; 
Rg. 7 is a block diagram showing the configuration 
of an organic EL display apparatus having an active 
matrix display panel according to a first embodi- 
ment of the present invention; 
Rg. 8 is a diagram schematically illustrating a dis- 
play panel, and a voltage applying circuit/power 
supply unit connected to a common cathode and a 
common anode; 

Rg. 9 is a diagram showing the relationship among 
a frame period, a sub-field period and an address 
period of a subfield method; 
Rg. 1 0 is a time chart illustrating display control and 
reverse voltage application control operations exe- 
cuted by a display control unit in the first embodi- 
ment of the present invention; 
Rg. 11 is a time chart schematically illustrating 
reverse-voltage application control in an active 
matrix display panel according to a second embod- 
iment of the present invention; and 
Rg. 12 is a diagram illustrating a reset period 
including a driving circuit ON-period and a reverse- 
voltage applying period, which is provided out of a 
video display period. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[001 5] Embodiments of the present invention will be 
described in detail with reference to the accompanying 
drawings. In the drawings used in the following descrip- 
tion, substantially equivalent parts are indicated with the 
sane reference numerals. 

[001 6] As described above, while a leak current due 
to short circuit occurs in a portion of a light-emitting 
layer which is thinner than the remaining light-emitting 
layer. The inventors of the present application found that 
this portion can be prevented from short circuiting by 
applying a light-emitting element with a voltage in the 
direction opposite to that applied during light emission. 
The present invention has been made based on this 
phenomenon. To begin with, the phenomenon will be 
described with reference to several drawings. 
[0017] As illustrated in Figs. 3, a light-emitting ele- 
ment comprises an anode (transparent electrode) 2, a 
light-emitting layer 3 including an organic material, and 
a cathode (metal electrode) 4 stacked in this order on a 
transparent substrate 1 . The light-emitting layer 3 has a 
defective region having a smaller thickness, indicated 
by reference numeral 3 A. 

[0018] Since the light-emitting element has a diode 
characteristic as described above, no current flows 
through the light-emitting element even if the normal 
light-emitting element is applied with a voltage in the 
direction opposite to that applied thereto during light 
emission. However, the defective thickness region 3A 
having a lower resistance, if present, causes a current 
flow to concentrate into the defective thickness region 
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3A, so that an excessively larger leak current flows 
through the defective thickness region 3A than a current 
flowing therethrough during light emission. 
[001 9] As a result, the defective thickness region 3A 
and its surrounding light-emitting layer 3 are evapo- 
rated, and a resulting expansion pressure causes the 
cathode 4 to peel off of the anode 2 and swell, as illus- 
trated in Fig. 4. As the cathode 4 further swells, the 
cathode 4 is broken, and a residual portion of the cath- 
ode 4 is bent in a direction away from the anode 2, as 
illustrated in Fig. 5. 

[0020] Under the circumstances illustrated in Fig. 4 
or 5, light is not emitted from a curved or broken and 
bent portion of the cathode 4. However, no leak current 
occurs, since the cathode 4 is separated from the anode 
2. Therefore, the rest of the light-emitting element 
except for the broken portion, and the remaining light- 
emitting elements normally emit light, so that defective 
light emission due to a leak current can be avoided. 
[0021] The defective thickness region 3A of the 
light-emitting layer may be caused by dust, motes and 
so on attached on the anode 2 during the manufacturing 
process. A leak current causing defective light emission 
may occur, as the driving time passes, depending on 
the environment in which the display panel is used in 
addition to the thickness of the defective thickness 
region. 

[0022] Fig. 6 illustrates an example of a circuit con- 
figuration corresponding to a pixel 10 on an active 
matrix display panel. 

[0023] In Fig. 6, an FET (Field Effect Transistor) 1 1 
(transistor for selecting an address) has a gate G con- 
nected to an address scanning electrode line (scanning 
line) through which an address signal is supplied, and a 
source S connected to a data electrode line (data line) 
through which a data signal is supplied. The FET 1 1 has 
a drain D connected to a gate G of an FET 12 (driving 
transistor) and also connected to one terminal of a 
capacitor 13. The FET 12 has a source S connected to 
the other terminal of the capacitor 13 as well as to a 
common cathode 1 6 of the display panel. The common 
cathode 1 6 is connected to a ground. The FET 1 2 has a 
drain D connected to a cathode of an EL element 15 
which has an anode connected to a common anode 17 
of the EL element 15 in the display panel. 
[0024] A light emission control operation of the cir- 
cuit will be described below. As an ON voltage is sup- 
plied to the gate G of the FET 1 1 , the FET 1 1 passes a 
current from the source S to the drain D corresponding 
to a voltage of data supplied to the source S. When an 
OFF voltage is present at the gate G of the FET 1 1 , the 
FET 11 is in a so-called cut-off state, in which the drain 
D of the FET 1 1 is open. Thus, during a period in which 
the ON voltage is present at the gate G of the FET 1 1 , 
the capacitor 13 is charged. The voltage across capaci- 
tor 13 is supplied to the gate G of the FET 12, so that a 
current based on the gate voltage and the source volt- 
age flows into the FET 12 through the EL element 15, 



thereby causing the EL element 15 to emit light. On the 
other hand, as the OFF voltage is supplied to the gate G 
the FET 1 1 , the FET 1 1 is open, while the FET 12 main- 
tains the voltage at the gate G by a charge accumulated 

5 on the capacitor 13 to sustain a driving current to the 
next scanning, so that light emitted from the EL element 
1 5 is also sustained. It should be noted that since a gate 
input capacitance exists between the gate G and the 
source S of the FET 12, a similar operation to the above 

to may be accomplished without the capacitor 1 3. 

[0025] The circuit corresponding to one pixel on the 
display panel which controls the light emission in 
accordance with the active matrix driving is configured 
as described above to sustain light emitted from the EL 

15 element 15 associated with the pixel, when it is driven. 
As described above, in the active matrix display panel, 
the light emission from each light-emitting element is 
controlled by controlling the driving circuit including the 
driving element such as an FET. 

20 [0026] Fig. 7 illustrates the configuration of an 
organic EL display apparatus 20 having an active matrix 
display panel according to a first embodiment of the 
present invention. In Fig. 7, an analog-to-digital (A/D) 
converter 21 converts an incoming analog video signal 

25 to digital video signal data. The digital video signal 
obtained by the conversion is supplied from the A/D 
converter 21 to a frame memory 24 to store the digital 
video signal data in units of frames in the frame memory 
24. 

30 [0027] A display control unit 26 controls respective 
components of the organic EL display apparatus 20. 
The display control unit 26 uses a column address 
counter 22 and a row address counter 23 to control the 
digital video signal data stored in the frame memory 24 

35 in accordance with a plurality of subfields having mutu- 
ally different light-emitting durations as a parameter. 
The digital video signal data is converted to a plurality of 
gradation display data (i.e., a number of subfields). The 
gradation display data is sequentially supplied to a mul- 

40 tiplexer 25, together with light emission/non-light emis- 
sion data corresponding to addresses of the pixels in a 
light emission display panel 30. 
[0028] The display control unit 26 also controls to 
hold column data corresponding to each subfield from 

45 among the light emission/non-light emission data sup- 
plied to the multiplexer 25 in a data latch circuit (not 
shown), which is provided in a data driver 28, sequen- 
tially from a first row (first scanning line) in an order in 
which pixels are arranged. 

so [0029] The display control unit 26 supplies the col- 
umn data of each subfield sequentially held in the data 
latch circuit to the display panel 30 for each scanning 
line, and forces EL elements 15 included in a corre- 
sponding scanning line to simultaneously emit light by 

55 means of a scanning driver 27. The display control unit 
26 also contains a timer for controlling a reverse voltage 
applying circuit/power supply unit 35 connected to a 
common cathode 16 and a common anode 17 of the 
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display panel 30. 

[0030] As shown in Fig. 8, the reverse voltage 
applying circuit/power supply unit 35 comprises a switch 
circuit, and a power supply for supplying a driving volt- 
age (+V D ) and a reverse voltage (-V B ) to the EL ele- 
ments 15, and performs application of the driving 
voltage and the reverse voltage, which will be described 
below, to each of the EL elements 15 under the control 
of the display control unit 26. 

[0031] As illustrated in Rg, 9, in the embodiment, 
the luminance gradation is controlled according to a 
method based on a subfield 2 n gradation method (n=8). 
Specifically, one frame period in an input video signal is 
divided into eight subfields (SF1 - SF8), and the lumi- 
nance in the respective subfield periods (i.e., light-emit- 
ting durations T1 - T8 of the respective EL elements 15 
in each subfield period) are set such that the ratios of 
one luminance to the others are 1/2, 1/4, 1/8, 1/16, 1/32, 
1/64, 1/128, 1/256 (i.e., 1/2 1 - 1/2 8 ) in order, respec- 
tively. Then, the EL elements are controlled so that 256 
levels of luminance gradation representation can be 
provided by selectively combining these subfields. 
[0032] The light emission control for each EL ele- 
ment 15 is performed in each subfield. Specifically, the 
light emission control is performed for respective col- 
umn data from the first subfield to the eighth subfield in 
units of frames. Each EL element 15 on the display 
panel 30 is controlled to emit light only for a predeter- 
mined light-emitting duration in each of the supplied 
subfields, so that one frame of data can be displayed 
through light emission in a multi-gradation representa- 
tion. For reference, an image display apparatus employ- 
ing the subfield 2 n gradation method is disclosed in 
Japanese Unexamined Patent publication Kokai No. 
H10-312173 filed by the same applicant as the present 
application. 

[0033] In the following, operations involved in dis- 
play control and reverse voltage application control, per- 
formed by the display control unit 26, will be described 
in detail with reference to a time chart shown in Rg. 10. 
[0034] The display control unit 26 controls the volt- 
age applying circuit/power supply unit 35 to apply a driv- 
ing voltage (+V D ) to the common anode 17, and sends 
a scanning signal (write signal) corresponding to the 
first subfield (SF1) sequentially from the first scanning 
line to the n-th scanning line for a-line-at-a-time scan- 
ning. In the first subfield period, the EL elements 15 in 
each scanning line emit light in accordance with the 
video signal data sent from the data latch circuit in the 
data driver 28. In other words, light is emitted from the 
EL elements 15 which locates addresses which are pro- 
vided with data indicating light emission. 
[0035] The display control unit 26 controls a switch 
of the voltage applying circuit/power supply unit 35 to 
apply a reverse voltage (-V B ) to the common anode 1 7 
when a predetermined period of time has elapsed from 
the time the scanning signal had been sent to all the 
scanning lines (i.e., at the time the address period 
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expires). After the lapse of a predetermined period (T b ) 
of the reverse voltage application, the display control 
unit 26 controls the switch from the reverse voltage to 
the driving voltage to again emit light from the EL ele- 

5 ments 15. It should be noted that in this event, the 
reverse voltage applying period Ob) is set to expire 
before the second subfield of the first scanning line 
starts, i.e., before the next scanning signal is sent to the 
first scanning line. 

io [0036] After the first subfield period of the first scan- 
ning line expires, the control display unit 26 sends a 
scanning signal corresponding to the second subfield 
(SF2) sequentially from the first scanning line to the n-th 
scanning line for the a-line-at-a-time scanning in a man- 

15 ner similar to the foregoing. It should be noted that in 
this embodiment, the reverse voltage is applied only for 
the first subfield, so that the reverse voltage is not 
applied in the second to the n-th subfields (SF2 - SFn). 
In other words, the voltage applying circuit/power supply 

20 unit 35 is controlled to apply the reverse voltage only in 
one subfield period for one frame period. 
[0037] As described above, the reverse voltage is 
applied to the light-emitting layer of the display panel to 
remove defective portions, thereby making it possible to 

25 realize an active matrix display apparatus which is 
highly reliable and is capable of displaying an excellent 
image. 

[0038] While the foregoing embodiment has been 
described for an example in which the reverse voltage is 

30 applied within the first subfield period, the reverse volt- 
age may be applied in an arbitrary subfield period not 
limited to the first subfield period. Also, the reverse volt- 
age may be applied in a plurality of subfield periods as 
well as in one subfield period. Further, the reverse volt- 

as age is not necessarily applied every frame, and instead, 
the reverse voltage may be applied as appropriate, for 
example, every several frames. 

[0039] Rg. 1 1 is a time chart schematically showing 
the reverse voltage application control in an active 
ao matrix display panel 30 according to a second embodi- 
ment of the present invention. 

[0040] The second embodiment differs from the first 
embodiment in that a method different from the subfield 
gradation method is employed as the luminance grada- 

45 tion control method. For example, there is a method of 
controlling the gradation by changing an input signal 
level of the driving FET as an example of such a 
method. The present invention can also be applied even 
if the subfield method is not employed. A reverse volt- 

so age applying period can be arbitrarily set within the 
frame period except for the address period as shown in 
Rg. 11. It is therefore possible to appropriately adjust 
the length of the applying period and the frequency of 
the application as well as the timing of applying the 

55 reverse voltage by controlling the reverse voltage apply- 
ing circuit. 

[0041] A third embodiment of the present invention 
will be described below with reference to Rg. 1 2. Fig. 1 2 
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illustrates a reset period which is provided for applying 
the reverse voltage to the EL elements 15. The reset 
period is set separate from a video data display period, 
I.e., in a period in which no video image is displayed. 
[0042] In the embodiment, the display control unit 
26 sets a driving circuit ON-period in a reset period, and 
a reverse voltage applying period in the driving circuit 
ON-period. The driving circuit ON-period is a period for 
making a driving circuit conducting. The driving circuit 
may include a driving element such as FET for driving 
each EL element The reverse voltage applying period 
in turn is a period in which the common anode 1 7 is con- 
nected to the reverse voltage (- V B ), as in the case of the 
foregoing embodiments. Therefore, the reverse voltage 
is applied to the EL elements from the power supply unit 
35 in a period in which the driving circuit ON-period 
overlaps with the reverse voltage applying period. 
[0043] In the embodiment, the display control unit 
26 controls the driving FET 12 to be conducting for driv- 
ing predetermined EL elements and connects the com- 
mon anode 17 to the reverse voltage to apply the 
reverse voltage to the predetermined EL elements, so 
that a defective portion can be removed. The reset 
period can be provided in an arbitrary period in which a 
displayed image is not affected, for example, at the time 
the display apparatus is powered on, at the time an 
input video channel is switched, or the like. Also, the 
predetermined EL elements to which the reverse volt- 
age is applied at one time during the reset period may 
be, for example, EL elements on a predetermined scan- 
ning line or data line, or all EL elements within the dis- 
play panel 30. According to the embodiment, the 
reverse voltage can be applied to desired EL elements 
at a desired timing. 

[0044] While the foregoing embodiments have been 
described, as an example, for the EL element which has 
only the light-emitting layer formed between the cathode 
and the anode, the present invention can also be 
applied to an EL element which has a function layer 
such as an electron transport layer, a hole transport 
layer or the like formed in addition to the light-emitting 
layer. 

[0045] Also, while the foregoing embodiments have 
been described for the organic EL element used as an 
example, the present invention is not limited to the ele- 
ment but may be applied to a display apparatus which 
employs other display elements, for example, an inor- 
ganic EL element or the like. 

[0046] Further, the foregoing embodiments are 
merely illustrative, and may be applied as appropriate in 
various combinations. 

[0047] As will be apparent from the forgoing 
description, the present invention can provide an active 
matrix display apparatus which is highly reliable and is 
capable of displaying an excellent image. 
[0048] The invention has been described with refer- 
ence to the preferred embodiments thereof. It should be 
understood by those skilled in the art that a variety of 
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alterations and modifications may be made from the 
embodiments described above. It is therefore contem- 
plated that the appended claims encompass all such 
alternations and modifications. 

Claims 

1. An active matrix display apparatus comprising: 

a plurality of light-emitting elements located at 
intersections of scanning lines and data lines 
arranged in a matrix configuration; 
driving means for driving each of said plurality 
of light-emitting elements; 
display control means for controlling said driv- 
ing means in accordance with an input video 
signal; 

a power supply for supplying power to said plu- 
rality of light-emitting elements; and 
reverse voltage applying means for applying a 
reverse voltage to said light-emitting elements, 
said reverse voltage being a voltage in a direc- 
tion opposite to a voltage applied to said light- 
emitting elements when emitting light 

2. A display apparatus according to claim 1 , wherein 
said reverse voltage is applied every unit frame cor- 
responding to a synchronization timing of said input 
video signal. 



3. A display apparatus according to claim 1 , wherein 
said display control means includes a timer, and 
said reverse voltage is applied on the basis of a 
synchronization timing of said input video signal 

35 and an output of said timer. 

4. A display apparatus according to claim 1 , wherein 
said reverse voltage is applied in response to turn- 
ing on of said power supply. 

40 

5. A display apparatus according to claim 1, wherein 
said plurality of EL elements are organic EL ele- 
ments. 

45 6. A method of driving an active matrix display appa- 
ratus having a plurality of light-emitting elements 
located at intersections of scanning lines and data 
lines arranged in a matrix configuration, a driving 
circuit for driving each of said plurality of light-emit- 
so ting elements, a display controller for controlling 
said driving circuit in accordance with an input 
video signal, and a power supply for supplying 
power to said plurality of light-emitting elements, 
comprising the step of: 

55 

applying a reverse voltage to said light-emitting 
elements, said reverse voltage being a voltage 
in a direction opposite to a voltage applied to 
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said light-emitting elements when emitting 
light. 

7. A method according to claim 6, wherein the step of 
applying a reverse voltage is executed every unit s 
frame corresponding to a synchronization timing of 
said input video signal. 

8. A method according to claim 6, further comprising 

the step of: 10 

measuring elapsed time from a synchroniza- 
tion timing of said input video signal, 
wherein the step of applying a reverse voltage 
is executed on the basis of the elapsed time. is 



steps of: 

setting a reverse voltage applying period; and 
applying a reverse voltage to predetermined 
light-emitting elements during said reverse volt- 
age applying period, said reverse voltage being 
a voltage in a direction opposite to a voltage 
applied to said light-emitting elements when 
emitting light 

14. A method according to claim 13, wherein said 
reverse voltage applying period is set in a period in 
which said input video signal is not displayed. 

15. An active matrix display apparatus comprising: 



a plurality of light-emitting elements located at 
intersections of scanning lines and data lines 
arranged in a matrix configuration; 

20 a driving circuit for driving each of said plurality 

of light-emitting elements; 
a display controller for controlling said driving 
circuit in accordance with an input video signal; 
a power supply for supplying power to said plu- 

25 rality of light-emitting elements; and 

a reverse voltage applying circuit for applying a 
reverse voltage to said light-emitting elements, 
said reverse voltage being a voltage in a direc- 
tion opposite to a voltage applied to said light- 

30 emitting elements when emitting light. 



9. A method according to claim 6, wherein the step of 
applying a reverse voltage is executed in response 
to turning on of said power supply. 

10. A method according to claim 6, wherein said plural- 
ity of EL elements are organic EL elements. 

1 1 . An active matrix display apparatus comprising: 

a plurality of light-emitting elements located at 
intersections of scanning lines and data lines 
arranged in a matrix configuration; 
driving means for driving each of said plurality 
of light-emitting elements; 
display control means for controlling said driv- 
ing means in accordance with an input video 
signal; 

a power supply for supplying power to said plu- 
rality of light-emitting elements; 
setting means for setting a reverse voltage 
applying period; and 

reverse voltage applying means for applying a 
reverse voltage to predetermined light-emitting 
elements during said reverse voltage applying 
period, said reverse voltage being a voltage in 
a direction opposite to a voltage applied to said 
light-emitting elements when emitting light 

12. A display apparatus according to claim 1 1, wherein 
said reverse voltage applying period is set in a 
period in which said input video signal is not dis- 
played. 

13. A method of driving an active matrix display appa- 
ratus having a plurality of light-emitting elements 
located at intersections of scanning lines and data 
lines arranged in a matrix configuration, a driving 
circuit for driving each of said plurality of light-emit- 
ting elements, display controller for controlling said 
driving circuit in accordance with an input video sig- 
nal, and a power supply for supplying power to said 
plurality of light-emitting elements, comprising the 



16. A display apparatus according to claim 1 5, wherein 
said reverse voltage is applied every unit frame cor- 
responding to a synchronization timing of said input 

35 video signal. 

17. A display apparatus according to claim 15, wherein 
said display controller includes a timer, and said 
reverse voltage is applied on the basis of a synchro- 

40 nization timing of said input video signal and an out- 
put of said timer. 

18. A display apparatus according to claim 15, wherein 
said reverse voltage is applied in response to turn- 

45 ing on of said power supply. 

19. A display apparatus according to claim 15, wherein 
said plurality of EL elements are organic EL ele- 
ments. 

so 



55 



7 



EP 1 094 438 A1 




=t c 



FIG . 1 




8 



EP 1 094 438 A1 




4 3 




FIG . 4 



9 



EP 1 094 438 A1 



4 3 



1 2 

FIG . 5 



DATA USE 
Bj 



SCANNING LINE 
Ai 



0 A\ 



D S 



c~ 



ORGANIC EL ELEMENT 



c 



COMMON ANODE 17 



COMMON CATHODE 16 
(GNO) 



FIG . 6 



10 



EP 1 094 438 A1 




52 z: 

a. J 

a. flu 

< au 

w on 

CO 



11 



EP 1 094 438 A1 




is 

CO J 



12 



EP 1 094 438 A1 




CD 

• 



13 



EP 1 094 438 A1 



li- 
en 



CM 

CO 



flu 



W Q 

o o 
« 

fad % 

C/l M 

as >- 

u -J 

> ft- 

U2 a. 

as 3 







JU- 



4 



i— t 



-3 « + 



C5 h O H 



8 



» en 



o 




*] o 

faJ 

a. 




14 



EP 1 094 438 A1 




15 



EP 1 094 438 A1 




16 



EP 1 094 438 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 00122614.1 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with Indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (Int O. 7) 



US 4525710 A 

(HOSHI et al.) 25 June 1985, 
column 2, lines 43-56, 
column 3, lines 29-61, 
claims 1-6, fig. 1-8. 

US 5035488 A 

(KOBAYASHI) 30 July 1991, 
abstract, fig. 3-7. 

WO 94/16428 A 
(YUEN FOONG YU H.K. CO., 
LTD.) 21 July 1994, 

claims 1,2,6, fig. 1. 

WO 97/05596 A 
(LITTON SYSTEMS CANADA 
LIMITED) 13 February 1997, 
abstract, fig. 1. 

WO 89/02144 A 
(HUGHES AIRCRAFT) 09 March 
1989, 

abstract, fig. 1 . 
EP 0762376 A 

(SANYO ELECTRIC CO. LTD.) 
12 March 1997, 

abstract, fig. 1. 

US 4899141 A 
(MOROZUMI et al.) 
06 February 1990, 

claims 1-6,16, fig. 1. 

US 4591848 A 

(MOROZUMI et al.) 27 May 

1986, 

abstract, fig. 1,10. 



The present search report has been drawn up for all daims 



1-3,6- 
8, Il- 
IS, 15, 
16 



1,6, 
11,13, 
18 

1,6, 
11,13, 
15 



1,6, 
11,13, 
18 



1,6, 
11,13, 
18 



1,6, 
11,13, 
15 



1,6, 
11,13, 
18 



1,6, 
11,13, 
18 



G09G3/36 



TECHNICAL FIELDS 
SEARCHED (Int. CI. 7) 



G09G 
G06F 



8 
I 



Place of search 
VIENNA 



Date of completion of the search 
12-12-2000 



Examiner 
MIHATSEK 



CATEGORY OF CITED DOCUMENTS 
X : particularly relevant if taken alone 
Y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P : intermediate document 
T : theory or principle underlying the invention 



E : earlier patent document but published on, or 

after the fifing date 
D : document cited in the application 
L : document cited for other reasons 



& : member of the same patent family, corresponding 
document 



17 



EP 1 094 438 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. EP 00122614.1 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned search report 


The members are as contained in the EPIDOS INPADOC file on 15.12.2000. The European Patent Office is in no wav 


liable for these particulars which are merely given for the purpose of information. 




i 

Patent document cited Publication 




Patent family 


Publication 


in search report j date 




member(s) 


date 


US A 4525*710 25-06-1985 






none 




US A 5035488 30-07-1991 


JP 


A2 


63311235 


20-12-1988 


WO Al 9416428 21-07-1994 


AT 


E 


159371 


15-11-1997 




AU 


Al 


57129/94 


15-08-1994 




AU 


B2 


672082 


19-09-1996 




3R 


A 


9406255 


09-01-1996 




CA 


AA 


2150454 


21-07-1994 




CN 


A 


1116454 


07-02-1996 




DE 


CO 


69406267 


20-11-1997 




DE 


T2 


69406267 


12-02-1998 




DK 


T3 


678210 


18-05-1998 




EP 


Al 


676210 


25-10-1995 




EP 


Bl 


67S210 


10-10-1997 




ES 


T3 


2109664 


15-01-1998 




GR 


T3 


3025307 


1 ~t a a i n a a 

27-02-1998 




JP 


A2 


7104703 


21-04-1995 




JP 


B2 


2855053 


10-02-1999 




RU 


CI 


2126177 


10-02-1999 




US 


A 


5510807 


11 f\ A 1 Q Q C 

Z J-U4-1996 


WO Al 9705596 13-02-1997 


DE 


CO 


69508443 


22-04-1999 




DE 


T2 


69508443 


08-07-1999 




EP 


Al 


842507 


2 0-05-1998 




EP 


31 


8425C7 


17-03-1999 




JP 


T2 


11509937 


31-08-1999 




US 


A 


6075524 


13-06-2000 


WO Al 8902144 09-03-1989 


DE 


CO 


3875104 


05-11-1992 




DE 


T2 


3875104 


08-04-1993 




EP 


Al 


328633 


23-08-1989 




EP 


Bl 


328633 


30-09-1992 




JP 


T2 


2500621 


01-03-1 990 




JP 


B2 


2528957 


28-08-1996 




US 


A 


4870396 


■)£ A Q 1 A O O 

^6-09-1989 


EP A2 762376 12-03-1997 


JP 


A2 


9171166 


30-06-1997 


EP A3 762376 12-11-1997 


US 


A 


6121945 


19-09-2000 




JP 


A2 


9050003 


1 Q AA 1 ft A "1 

18-02-1997 


US A 4899141 06-02-1990 


DE 


Al 


3311928 


13-10-1983 




DE 


C2 


3311928 


19-05-1988 




FR 


Al 


2524679 


07-10-1983 




FR 


Bl 


2524679 


f\ £ AT *1 A A A 

06- 07-1990 




GB 


Al 


2121584 


2.- 12-1983 




GB 


AO 


8510710 


05-06-1985 




GB 


Al 


2161970 


22-01-1986 




GB 


B2 


2161970 


10-09-1986 




GB 


B2 


2121584 


17-09-1986 




HK 


A 


697/89 


08-09-1989 




HK 


A 


699/89 


08-09-1989 




JP 


A2 


59040696 


06-03-1984 




JP 


B4 


4016794 


25-03-1992 ! 




SG 


A 


399/88 


27-01-1989 




SG 


A 


400/88 


27-01-1989 




US 


A 


4591848 


27-05-1986 




JP 


A2 


58172694 


11-10-1983 




JP 


B4 


2006069 


07-02-19S0 


US A 4591848 27-05-1986 


DE 


Al 


3311928 


13-10-1983 




DE 


C2 


3311928 


19-05-1988 





For more details about this annex see Official Journal of the European Patent Office, No. 12/82 



18 



EP 1 094 438 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. EP 00122614.1 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned search report 
The members are as contained in the EPIDOS INPADOC file on 15.12.2000. The European Patent Office is in no way 
liable for these particulars which are merely given for the purpose of information. 



Patent document cited 
in search report 



Publication 
date 





Patent family 


Publication 




member(s) 


date 


FR 


Al 


'2524679 


07-10-1983 


FR 


Bl 


2524679 


06-07-1990 


GB 


Al 


2121584 


21-12-1983 


GB 


AO 


8510710 


05-06-1985 


GB 


Al 


2161970 


22-01-1986 


GB 


B2 


2161970 


10-09-1986 


GB 


B2 


2121584 


17-09-1986 


HK 


A 


697/89 


08-09-1989 


HK 


A 


699/89 


08-09-1989 


JP 


A2 


59040696 


06-03-1984 


JP 


B4 


4016794 


25-03-1992 


SG 


A 


399/88 


27-01-1989 


SG 


A 


4C0/88 


27-01-19B9 


US 


A 


4899141 


06-02-1990 


JP 


A2 


58172694 


11-10-1983 


JP 


B4 


2006069 


07-02-1990 



For more details about this annex see Official Journal of the European Patent Office, No. 12/82. 



19 



